Background. Daily suppressive therapy with valacyclovir reduces risk of sexual transmission of herpes simplex virus type 2 (HSV-2) in HSV-2-serodiscordant heterosexual couples by 48%. Whether suppressive therapy reduces HSV-2 transmission from persons coinfected with HSV-2 and human immunodeficiency virus type 1 (HIV-1) is unknown.
Daily therapy with valacyclovir reduces HSV-2 transmission in HSV-2-serodiscordant, HIV-1-seronegative-concordant healthy, immunocompetent, heterosexual couples by 48%, likely by decreasing the frequency and amount of HSV-2 shed in the genital tract by the HSV-2-infected partner [9, 10] . HIV-1-infected persons tend to reactivate HSV-2 both more frequently and at higher copy number than their immunocompetent counterparts [7, 8] . It is unknown whether treatment of HSV-2/HIV-1-infected persons with acyclovir reduces transmission of HSV-2 to their HSV-2/HIV-1-susceptible partner.
The Partners in Prevention Trial was a double-blind, randomized, controlled trial among HIV-1-serodiscordant couples to determine whether treatment of HSV-2 infection would reduce the transmission of HIV-1. As previously reported, HSV-2 suppression provided to the HIV-1-infected partners did not reduce the risk of HIV-1 transmission to their initially HIV-1-uninfected partners despite a sustained 0.25 log 10 copies/mL reduction in the plasma HIV-1 RNA load, a 73% reduction in genital ulcer disease (GUD) incidence, and a 16%-19% decrease in HIV-1 disease progression [3] . We conducted an analysis of the effect of daily acyclovir on the risk of HSV-2 transmission in the subset of participants randomly assigned to receive acyclovir or placebo whose partners who were susceptible to HSV-2 and HIV-1.
METHODS

Population and Procedures
We identified 911 HSV-2 serodiscordant couples from the 3408 heterosexual HIV-1 serodiscordant couples enrolled into the Partners in Prevention HSV/HIV Transmission Study (clinical trials registration: NCT00194519). Couples were enrolled at 14 sites in East Africa (Kenya, Rwanda, Tanzania, and Uganda) and Southern Africa (Botswana, South Africa, and Zambia) from 2004 through 2006. For the present study, we assessed whether HSV-2 suppression provided to the HSV-2-infected partner reduced the risk of HSV-2 transmission to the susceptible partner.
The clinical trial protocol required HIV-1-infected partners to be seropositive for both HSV-2 and HIV-1; a history of GUD was not required. At study entry, HSV-2/HIV-1-seropositive partners (henceforth referred to as "HSV-2-infected" individuals) had CD4 + T-cell counts of ≥250 cells/µL and were not receiving antiretroviral therapy (ART) according to national ART guidelines, which, at the time, involved initiation of ART at CD4 + T-cell counts of <200-250 cells/µL. Those who became pregnant or were eligible for initiation of ART during follow-up were referred to local antenatal and HIV-1 clinics. Open-label acyclovir was offered for recurrent genital herpes [3] . HIV-1-susceptible partners enrolled in the clinical trial could be either HSV-2 seropositive or seronegative. Only HSV-2/HIV-1-seronegative partners (henceforth referred to as "HSV-2-susceptible" individuals) were included in the present analyses ( Figure 1 ). Fixed-block randomization stratified by site was used to randomly assign HSV-2-infected partners in a 1:1 ratio to receive acyclovir 400 mg twice daily or matching placebo (Ranbaxy Laboratories, Haryana, India), using a pseudo-random number generator. Only the study statistician and 2 data managers were aware of the treatment assignments. Participants were provided with a monthly resupply of study medication and adherence counseling for 12-24 months. Adherence was assessed by pill counts and self-reports as previously described [3, 11] . The serostatus of susceptible partners was unknown at the time of randomization; as such, random assignment of the HSV-2-infected partner to receive acyclovir or placebo was not stratified by their uninfected partner's HSV-2 serostatus. A secondary objective of the Partners in Prevention HSV/HIV Transmission Study was an analysis of HSV-2 transmission among the subset of HSV-2-susceptible partners, representing a randomized trial within the larger Partners in Prevention HSV/HIV Transmission Study.
Laboratory Methods
At all study sites, HSV-2-infected and -susceptible participants were tested for HSV-2 and HIV-1 at enrollment, and HSV-2-susceptible partners were tested quarterly for HIV-1 seroconversion. HSV-2 serostatus was determined using the Focus HerpeSelect-2 enzyme immunoassay (EIA; Focus Technologies, Cypress, CA), with a cutoff value of ≥3.5 to improve test specificity [12] , and confirmed at the University of Washington Central Virology Laboratory by an HSV type-specific Western blot [13] . Participants with baseline indeterminate Western blot results (ie, those with an HSV-2-indistinct unapparent gG band after preabsorption against HSV-1 antigens) were excluded from the analysis [14] . For HIV-1-susceptible partners, archived enrollment sera were tested for HSV-2, and those whose serum specimens were negative at enrollment had serum specimens obtained at the exit visit tested by Western blot to ascertain their end-of-study HSV-2 serostatus. For participants who seroconverted during the study, samples collected at intervening quarterly visits were used to identify the time of HSV-2 seroconversion. HIV-1 testing was done at study sites, using 2 rapid assays in parallel, and were confirmed by HIV-1 EIAs, as previously reported [15] .
Statistical Analysis
HSV-2 seroconversion (the primary end point) was defined as a negative HSV Western blot at enrollment followed by a positive HSV Western blot during follow-up. Kaplan-Meier survival curves for time to HSV-2 detection among susceptible partners were constructed, and a Cox proportional hazards regression model was used to assess risk factors related to HSV-2 transmission. Covariates included baseline demographic characteristics and time-dependent covariates, including sexual behavior, contraceptive methods, and CD4 + T-cell count and plasma HIV-1 load (for HSV-2-infected participants). A multivariate regression model was built, starting with measures that had a P value of <.1 in univariate analysis and performing backward elimination until a parsimonious model was produced, including only significant variables (P < .05) or those confounding other relationships. Vaginal drying practices were defined as the use of products that constrict or dry the vagina to enhance sexual pleasure. Factors associated with the incidence of GUD were assessed using Poisson regression, to permit analysis of multiple GUD episodes, while accounting for potential extra-Poisson variation, using an overdispersion parameter. Post hoc power calculations based on 68 HSV-2 transmissions indicated the study had 80% power to detect a 55%-75% reduction in the incidence of HSV-2 infection in the sex-specific acyclovir groups, compared with the placebo groups. Analyses of study data were performed using SAS, version 9.1 (SAS Institute, Cary, NC).
Ethical Approval
The institutional review board of the University of Washington and 17 African and US institutional and ethical review boards approved study procedures. Both partners provided independent written, informed consent.
RESULTS
Population Characteristics
The serostatus of HSV-2-susceptible partners was ascertained after completion of study accrual, using stored samples collected at baseline, and equal distribution was confirmed to have been achieved during randomization; within each treatment arm, 27% of couples had an HSV-2-uninfected partner and were thus at risk for HSV-2 transmission (Figure 1 ). A total of 911 HSV-2-serodiscordant couples were included in this analysis. For 799 couples (88%), the HSV-2-susceptible partner was a man. At enrollment, HSV-2-susceptible partners had a median age of 31 years (interquartile range [IQR], 27-38 years), 99.5% were HSV-1 seropositive, and 60% were from East Africa (Table 1) . Most (71%) couples were married, with a median duration of partnership of 4 years (IQR, 2-7 years). Sixty-one percent of HSV-2-susceptible men (484/799) and 33% of HSV-2-infected men (37/112) were circumcised. The median baseline CD4+ T-cell count and HIV-1 plasma RNA load were 470 cells/µL (IQR, 350-670 cells/µL) and 3.9 log 10 copies/mL (IQR, 3.3-4.5 log 10 copies/mL), respectively. Characteristics of participants were similar between treatment arms (Table 1) . Couples were followed for a median of 18 months (IQR, 3-24 months). Retention at 12 months was 95% for HSV-2-infected partners and 90% for HSV-2-susceptible partners, and retention at 24 months was 90% for HSV-2-infected partners and 82% for HSV-2-susceptible partners. HSV-2-susceptible participants contributed 1335 person-years of follow-up to the assessment of HSV-2 incidence. Median adherence to study drug based on pill count of unused study drug was 86% in both the acyclovir and placebo groups; 69% of visits involved at least 90% adherence. At their last visit, 16% of HSV-2-susceptible men reported sex with an outside partner, compared with 5% of women; 9% of susceptible partners reported unprotected sex with their study partner. HSV-2-susceptible women reported vaginal drying practices more frequently in East Africa (26%) than Southern Africa (2%). The number of children in the partnership was strongly associated with the duration of relationship (Spearman rho, 0.65; P < .0001).
Effect of Acyclovir on Transmission of HSV-2
HSV-2 seroconversion was observed in 68 persons (51 men and 17 women), for an overall incidence of 5.1 cases per 100 person-years. Forty seroconversions were in the acyclovir group, and 28 were in the placebo group (incidence, 5. Figure 2 ). The risk of HSV-2 transmission did not differ by GUD incidence, CD4+ T-cell count, or plasma HIV-1 RNA concentrations of the HSV-2-infected partner ( Table 2 ). The lack of efficacy of acyclovir to prevent HSV-2 transmission did not differ by adherence group, defined as <90% versus ≥90% adherence per each quarterly period (P = .89 for susceptible women, and P = .99 for susceptible men). Open-label acyclovir to treat GUD was provided on 1.6% and 2.9% of visits in the acyclovir and placebo arms, respectively. Of the 911 HSV-2-susceptible persons, 13 also seroconverted to HIV-1, with 5 in the placebo arm and 8 in the acyclovir arm. Overall, 5 persons acquired both viruses; 1 seroconverted to both at the same visit, and 4 seroconverted first to HIV-1 then to HSV-2.
Correlates of HSV-2 Transmission
We examined risk factors for HSV-2 transmission separately by the sex of the susceptible partner. In univariate analyses among the 17 susceptible women who acquired HSV-2, vaginal drying (HR, 15.29; P = .024), unprotected sex with the study partner (HR, 6.15; P = .009), and having an uncircumcised partner (HR, 8.28; P = .040) were significantly associated with an increased risk of HSV-2 acquisition. Notably, of the 17 male-to-female HSV-2 transmissions, only 1 occurred from a circumcised man, for an incidence of 1.7 cases per 100 person-years, compared with 16.2 cases per 100 person-years from uncircumcised male HSV-2-infected partners. Among the HSV-2-susceptible men, younger age was the only characteristic associated with increased risk of HSV-2 infection (HR, 2.00 for age <30 years, compared with age ≥30 years; P = .016).
In a multivariate analysis of HSV-2-susceptible women, vaginal drying practices (adjusted HR, 44.35 [95% CI, 3.38-581.1]; P = .004), any unprotected sex (adjusted HR, 9.91 [95% CI, 2.28-43.17]; P = .002), and number of children (adjusted HR, 0.47 for each additional child [95% CI, .26-.85]; P = .012) remained significant risk factors for HSV-2 acquisition. Notably, circumcision status of the male HSV-2-infected partner was not significantly associated with HSV-2 transmission in the final multivariate model, and this term was removed (adjusted HR before removal, 4.35 [95% CI, .56-34.04]; P = .16). This change was perhaps due to the association between circumcision and the practice of vaginal drying in East Africa. Among couples with circumcised male HSV-2-infected partners, 5% (2/37) practiced vaginal drying, compared with 23% (17/75) among couples with uncircumcised men (P = .03, by the Fisher exact test). Age of <30 years remained the only significant risk factor for HSV-2 acquisition among susceptible men (adjusted HR, 2.00 [95% CI, 1.14-3.52]; P = .02).
Effect of Acyclovir on GUD Incidence
At enrollment, 25% and 22% of HSV-2-infected women and men, respectively, reported symptoms of GUD in the previous 3 months. During follow-up, the overall incidence of GUD observed on genital examination was 6.8 cases per 100 personyears, with 7.2 cases per 100 person-years among women and 3.6 cases per 100 person-years among men. Acyclovir significantly reduced the overall frequency of GUD observed among HSV-2-infected partners on genital examination (risk ratio, 0.43 [95% CI, .26-.72]; P = .0013) and was protective among women (risk ratio, 0.40 [95% CI, .23-.67]; P = .0007) but not men (risk ratio, 1.32 [95% CI, . .41]; P = .77), although only 5 incident GUD episodes were observed in men.
Among the HSV-2-infected partners, GUD incidence for self-reported genital ulcers was 31.9 cases per 100 person-years among men and 24.0 cases per 100 person-years among women, for an overall incidence of 24.9 cases per 100 personyears. Acyclovir significantly reduced the overall frequency 
DISCUSSION
Our study shows that among HSV-2/HIV-1-coinfected persons, 400 mg of acyclovir twice daily did not reduce transmission of HSV-2 to the susceptible immunocompetent partners. In this randomized trial that included 911 HSV-2/HIV-1-serodiscordant couples, no reduction in HSV-2 transmission was seen in either male-to-female or female-to-male transmission, despite a significant influence on the incidence of GUD in the acyclovir arm. Although most HSV-2 seroconversions occurred among the much larger pool of susceptible men, the annual HSV-2 seroincidence among women was >2-fold higher than among men. The risk of HSV-2 transmission to susceptible women was increased by unprotected sex, vaginal drying practices, having fewer children, and lack of circumcision of the male partner. Younger age was the only significant risk factor for HSV-2 transmission to susceptible men. Our results differ from the findings of the prior multicenter clinical trial that assessed whether antiviral therapy could reduce HSV-2 transmission within HSV-2-serodiscordant couples in North America, Europe, and Australia [9] . In that randomized trial, in which the HSV-2-infected partner was not infected with HIV-1, once-daily suppressive therapy with 500 mg of oral valacyclovir reduced HSV-2 transmission to sexual partners by 48% [9] . Although valacyclovir achieves higher plasma concentrations than acyclovir, the 2 drugs have shown comparable efficacy in reducing HSV-2 reactivation in HIV-1-infected persons [10] , in suppressing the frequency and quantity of genital HSV-2 shedding in HIV-1-uninfected persons [16] , and in treating genital herpes [17, 18] . However, antiviral activity against HSV-2 was demonstrated in the Partners in Prevention HSV/HIV Transmission Study; both GUD incidence and plasma HIV-1 RNA levels were significantly reduced in the acyclovir arm [3] . Thus, it is clear that acyclovir exerted an antiviral effect in HIV-1-infected participants. HIV-1 coinfection increases HSV-2 genital shedding [8] , and persistent, frequent and short episodes of genital HSV-2 shedding occur even in the presence of higher doses of valacyclovir suppressive therapy [19] , which may explain the lack of efficacy of acyclovir suppression in preventing HSV-2 transmission. Moreover, the clinical efficacy of acyclovir against HSV-2 in African women has appeared reduced in prior studies perhaps because of differential pharmacokinetics in African populations [20] or HSV-2 strain diversity [21] . Finally, the divergent results of the 2 trials are unlikely to be due to differences in medication adherence or participant retention [3, 9] . The HSV-2 incidence observed in our cohort was lower than that reported in other prospective studies in Africa [22] [23] [24] [25] , likely because of the lower biologic risk of transmission within stable partnerships and the monthly provision of risk reduction counseling, condoms, and other standard prevention services. It is clear more potent antiviral regimens are needed for effective HSV-2 control in African men and women.
Our findings suggest that women using vaginal drying practices were at significantly increased risk of HSV-2 infection. To our knowledge, no data have been reported regarding the relationship between vaginal drying and HSV-2 acquisition. This practice may increase HSV-2 susceptibility directly, by disrupting the vaginal epithelium, or indirectly, by facilitating the occurrence of bacterial vaginosis, which may increase the risk of HSV-2 acquisition [26] . Fertility intentions may explain unprotected sex that resulted in the high risk of HSV-2 transmission among couples with younger men or women with fewer children. As such, number of children may be a better proxy measure of unprotected sexual exposure, perhaps because of fertility intentions.
Our study strengths include the randomized design; the large sample size; the diversity inherent in a multinational cohort; the known exposure to HSV-2, since all HIV-1-infected partners were HSV-2 infected as part of eligibility for the trial; and confirmation of end points by using HSV Western blots to reduce misclassification of HSV-2 status. The parent study was not originally designed to assess HSV-2 transmission, and therefore we might have targeted a larger number of events than was obtained to optimize power. Nevertheless, the CI (.83-2.20) for the HR (1.35) is consistent with acyclovir's efficacy being <17%, invalidating the argument that more precision might reverse our conclusions. A limitation of our study was that few HSV-2-susceptible partners were women, limiting the precision of our point estimate. We relied on self-report for measures of sexual practices, including condom use and vaginal drying. Finally, we did not genotype the transmitted HSV-2 strains to document whether the transmission occurred within the study couple. However, HSV-2 strain typing to document transmission within couples has been done infrequently even in research protocols [27] , partly reflecting the challenge of collecting viral samples from both partners, given the intermittent nature of HSV reactivation.
In conclusion, we found that acyclovir suppressive therapy did not decrease the risk of HSV-2 transmission within serodiscordant couples in which the HSV-2-infected partner also had HIV-1 infection. Unprotected sex, vaginal drying, having fewer children, and an uncircumcised HSV-2-infected partner were significant risk factors for HSV-2 transmission to women. More-potent antiviral therapy may be needed to reduce HSV-2 transmission in this population.
